The aim of this study was to investigate the etiological characteristics of Chlamydia trachomatis conjunctivitis among resident students at primary schools in the Qinghai Tibetan area in order to understand the distribution of C. trachomatis and other pathogenic microorganisms, to detect the isolation rate of infectious pathogens, and to provide an evidence for further targeted efforts in the prevent of sporadic trachoma efforts. From two primary schools in Qinghai Province, ocular samples from 35 students who were clinically diagnosed as trachoma cases and 60 normal controls were obtained by swabbing their upper eyelids and lower conjunctival sacs. Samples were preserved at 4°C and airlifted to Beijing Tongren Hospital within 24 h. Real-time polymerase chain reaction (RT-PCR) was used to screen for C. trachomatis, and nested PCR was used to amplify a fragment of the ompA gene for serotype confirmation. Bacterial cultivation and sensitivity tests were conducted based on the 2015 version of the Clinical and Laboratory Standards Institute. Adenovirus, herpes simplex virus, cytomegalovirus, and Epstein-Barr virus were screened by RT-PCR. Among the 35 students with trachoma, 8 came from the Jianshetang Primary School and 27 came from the Central Primary School. Two novel C. trachomatis B serotypes (GenBank accession numbers KU737520 and KU737521) were detected based on a sequence analysis of the ompA gene. Single C. trachomatis infections accounted for 42.86% (9/21) of the cases, and infections with multiple bacteria, particularly Haemophilus influenzae, Staphylococcus aureus, Moraxella catarrhalis, and Streptococcus pneumoniae, accounted for the remaining 57.14% (12/21). Of the 14 C. trachomatis-negative samples, one was positive for adenoviral infection (serotype D) and 13 were positive for bacterial infections (H. influenzae, M. catarrhalis, S. pneumoniae, S. aureus, streptococci other than S. pneumoniae, Staphylococcus epidermidis, Corynebacterium, and Arthrobacterium). In addition to C. trachomatis, the other bacteria and virus that were detected in the boarding students of primary schools in the Qinghai Tibetan area should be emphasized in trachoma prevention and control.
INTRODUCTION
Currently, experimental studies of trachoma in China are limited, and there is a particular lack of comprehensive etiological analyses of clinically diagnosed trachoma. Although Solomon and Kurylo investigated trachoma in 34 countries, this research did not include a comprehensive etiological study (Solomon and Kurylo, 2014) . To our knowledge, conjunctivitis cases caused by co-infections of Chlamydia trachomatis and other pathogenic microorganisms are seldom reported globally. In this study, boarding school students with trachoma from the Galeng Tibetan Village Jianshetang Primary School and the Central Primary school in Haidong Salar Autonomous County, Qinghai Province, served as the subjects, and a comprehensive etiological study was conducted to identify potential pathogens, including C. trachomatis and other bacteria and viruses, that cause conjunctivitis.
RESULTS

Basic information
Among the 35 clinically trachoma students, 8 were from the Jianshetang Primary School and 27 were from the Central Primary School. The ages of students ranged from 6 to 12 years, with an average of (8.57±1.63) years. Of the 21 C. trachomatis-positive cases, 12 (57.14%) had more than five trachoma follicles in the upper eyelid, and 9 (42.86%) had fewer than five trachoma follicles, with no significant difference between the two groups. There was no significant difference in the number of male and female students (9 vs. 12, P>0.05).
C. trachomatis detection
The overall C. trachomatis detection accounted for 60% (21/35) of the clinically diagnosed cases. The PCR detection rate of C. trachomatis infection was 50% (4/8) in the Jianshetang Primary School and 62.96% (17/27) Compared with the 11 serotype B ompA gene sequences in GenBank, 2 novel mutations (GenBank accession numbers KU737520 and KU737521) were found.
Detection of bacteria and viruses
Normal flora was detected in 25% of the normal control cases, and no pathogenic microorganisms were detected in this group. The detection rate of C. trachomatis alone was 42.86% (9/21), and coincident infections with other bacteria, most of which were opportunistic pathogens, including (Figure 1 ).
Among the 14 samples that were C. trachomatis-negative, there was one that was positive for adenovirus, which was confirmed as serotype D (7.14%, 1/14), 13 samples contained other bacteria (92.86%, 13/14), including H. influenzae (23.08%, 3/13), M. catarrhalis (23.08%, 3/13), S. pneumoniae (7.69% 1/13), S. aureus (7.69%, 1/13) and non-S. pneumoniae streptococci (7.69%, 1/13), and normal flora (Staphylococcus epidermidis, Corynebacterium, and Arthrobacterium) accounted for 61.54% (8/13) of the cases. M. catarrhalis combined with pneumococci, M. catarrhalis combined with H. influenzae, and M. catarrhalis combined with H. influenzae and non-consolidated S. pneumoniae accounted for 7.69% (1/13), 7.69% (1/13), and 7.69% (1/13), respectively, of the cases (Table 1 ). 
Drug sensitivity test
All 3 strains of S. pneumonia (from three cases) were -lactamase-negative, sensitive to vancomycin and moxifloxacin, and resistant to erythromycin and co-trimoxazole. All 3 S. aureus strains (from three cases) were -lactamase positive, and the resistance rates to penicillin, erythromycin, and clindamycin were 100% (3/3), 66.67% (2/3), and 33.33% (1/3), respectively; all of these strains were sensitive to cefoxitin and co-trimoxazole. Methicillin-resistant S. aureus was not detected. 12 strains from the 8 cases of H. influenzae were -lactamase-negative, and all were sensitive to azithromycin; the co-trimoxazole resistance rate was 50% (6/12). Two cases in which pathogens were isolated from the conjunctival sac and both eyes differed in terms of their resistance phenotypes. Nine strains of M. catarrhalis were detected in six cases, and all were sensitive to levofloxacin and ampicillin. One strain was sensitive to clindamycin and resistant to erythromycin, azithromycin, and co-trimoxazole. The rest were resistant to clindamycin and sensitive to erythromycin, azithromycin, and co-trimoxazole. There was a difference between the resistance phenotypes of the bacteria in the conjunctival sac and the conjunctiva (Table 2) .
DISCUSSION
In the previous epidemiological investigation, trachoma follicular among primary school students in Qinghai province was less than 5%, but there were still some sporadic cases. In order to study the characteristics of current Chlamydia trachomatis, conjunctival swab sampling was carried out among primary school students with conjunctivitis. The C. trachomatis detection rate did not differ between male and female students. The C. trachomatis detection rate was higher in the Central Primary School than in the Jianshetang Primary School. The two novel C. trachomatis ompA mutations that we identified may be associated with geographical differences and patient ethnicity, as these mutations differed from the ompA sequence in GenBank.
In terms of transmission, there was no running water in either school and the resulting poor hand hygiene might have caused the C. trachomatis infections (Stocks et al., 2014) . The C. trachomatis lifecycle involves an infective, metabolically inactive elementary body, which attaches to a eukaryotic host cell and is subsequently reorganized into the reproductive reticulate body form. The reticulate body form proliferates via binary fission and merges with the membrane, part of which is concentrated in the elementary body again and is released into the cell (Potroz and Cho, 2015) . The transmission of C. trachomatis includes direct spreading and urogenital tract infection (through an oropharyngeal infection, C. trachomatis could reach the lower digestive tract and urogenital tract, and re-infection of the oropharynx via the digestive tract or reproductive tract could occur).
Studies in Hainan, Sichuan, and Shandong, China, indicated that the prevalence among 1-10-year-old children was less than 6% (Liu et al., 2002; Chen et al., 2012; Qu et al., 2014) . The prevalence of blinding trachoma in Sichuan decreased from 172.9/100,000 in 1987 to 58.1/100,000 in 2006, and one school in Guangxi, China exhibited a high (28%) C. trachomatis-positive rate (Chen et al., 2012; Boost and Cho, 2005) . Studies in Ethiopia, Niger, Gambia, and India have reported C. trachomatis prevalences ranging from 6.2% to 23%, indicating the superiority of trachoma prevention and control in China (Nigusie et al., 2015; King et al., 2013; Burton et al., 2010; Sharma et al., 2012) . However, hygiene habits in local primary schools should be improved, and azithromycin is recommended for mass treatment (West et al., 2015) .
Opportunistic pathogens detected in this study included H. influenzae, S. aureus, M. catarrhalis, and S. pneumoniae. Normal flora included S. epidermidis, Corynebacterium, and M. arthrobacterium. These results are consistent with previous studies showing that the main pathogens that cause conjunctivitis were H. influenzae, M. catarrhalis, and S. pneumoniae (Azari and Barney, 2013) . No opportunistic pathogen was detected in the normal control group, indicating significant differences in terms of the distribution of flora between conjunctivitis patients and normal controls in the Qinghai Tibetan area. Multiple C. trachomatis infections and co-infections with other bacteria were detected, and the former were detected at a lower rate. This might result in a decreased resistance of the ocular mucosa, which is prone to infections with C. trachomatis and other pathogens. The detection rate of mixed infections was higher than those reported in Africa by Mowafy et al., who reported detection rates of 14.6%, 31.1%, and 4.6% for C. trachomatis, other bacteria, and C. trachomatis mixed infections, respectively. The differences in detection rates may result from differences in inspection methods, especially as the enzyme-linked immunosorbent assay apparently affected the detection of C. trachomatis in a previous study (Mowafy et al., 2014) . In our study, approximately 43% of the subjects had fewer than five trachoma follicles. According to Last, co-infections with C. trachomatis and other bacteria 
a) According to the literature, S. pneumoniae, S. aureus, H. influenzae, and M. catarrhalis are considered opportunistic pathogens. Antimicrobial drug sensitivity tests and the interpretation of the results are based on the 2015 Clinical and Laboratory Standards Institute (CLSI) standards. "" indicates that sensitivity testing was not performed, and the numbers indicate the percentages of resistant isolates. could decrease trachoma follicular reactions and manifest atypical symptoms. Some follicles may be infected or colonized by other bacteria (Last et al., 2014) , which is consistent with the results of Burton et al. (Burton et al., 2015) . Pathogens were detected in 60% of the conjunctivitis follicles, while no obvious correlation was found between active trachoma symptoms and the C. trachomatis detection rate (Burton et al., 2015) . Our study revealed the same result, namely, the number of trachoma follicles is not related to the detection of C. trachomatis (Table 1) .
There was one case of adenovirus serotype D among the 35 trachoma students, and this is the first virus identified in local students with conjunctivitis. Adenovirus may cause epidemic kerato conjunctivitis, pharyngeal conjunctival fever, and trachoma follicular conjunctivitis, the symptoms of which may be similar to those caused by C. trachomatis. In an etiological examination of 44 patients with eye infections in Cambodia by Khauv et al., only one case of herpes simplex virus was detected, whereas no adenovirus case was identified, which may be explained by the self-limited characteristics of adenovirus infections; thus, it might be difficult to find adenoviruses via conventional etiological screening (Khauv et al., 2014) .
In summary, in addition to C. trachomatis, other bacteria and viruses also should be considered in trachoma patients.
SUBJECTS AND METHODS
Objective
Our research group made the clinical diagnoses and collected swab samples from the trachoma students in the Jianshetang Primary School and the Central Primary School, Galeng Tibetan Village, Haidong Salar Autonomous County, Qinghai Province, on May 25, 2015 and December 31, 2015 . The two primary schools were located 6 km apart at an elevation of 2.2 km. Sixty students was selected as normal controls. There were 35 cases of trachoma according to the clinical diagnoses, with 8 from the Jianshetang Primary School and 27 from the Central Primary School. The diagnostic criteria for trachoma were the simplified trachoma grading system developed by the World Health Organization (MacCallan, 2015; Thylefors et al., 1987) .
According to trachoma sampling requirements (Burton, 2015) , both eyes were sampled for trachoma examined. The specific procedures were as follows: the upper eyelid was flipped slightly to expose the conjunctiva, and a swab was wiped, with slight pressure, back and forth, four times (rotating the direction of swabbing by 90° each time) in the trachoma follicular area. The swab was placed in a specimen tube. A similar approach was used to sample the lower eyelid. The samples were preserved in 4°C ice bags and airlifted to Beijing Tongren Hospital within 24 h. Five hundred microliters of the sample was sent to the Institute of Microbiology and Epidemiology, Academy of Military Medical Science (Beijing) for cell cultivation.
Reagents and instruments
The following reagents/instruments were used in this study: C. trachomatis DNA Detection Kit (ZJ Bio-Tech Co., Ltd., Shanghai), Sorvall TM ST 8 (Thermo Fisher Scientific Co., USA), The PowerPac™ Universal power supply (Bio-Rad Laboratories, Inc., USA), T100
TM Thermal Cycler (Bio-Rad Laboratories, Inc.), Tanon 1600 (Tanon, Shanghai), MX3000P Real-Time PCR Instrument (Agilent Technologies, USA), Autoflex III Smartbeam Mass Spectrometer (Bruker, USA), blood, chocolate, and MacConkey media (Oxoid, UK), CX31 microscope (Olympus, Japan) and FLOQSwabs™ (Copan, Italy). PCR primer synthesis and target fragment sequencing were conducted by SinoGenoMax (Beijing).
Methods
Etiological analysis
A schematic of the major pathogen detection technology and process is shown in Figure 2 . 
C. trachomatis detection and homology analysis
RT-PCR was used for the initial screening of the samples according to the manufacturer's instructions (ZJ Bio-Tech Co., Ltd.), and DNA extraction, PCR, and the interpretation of the results were performed according to the manufacturer's instructions. A cycle threshold of less than 28.5 was considered indicative of a high ompA gene copy number. The C. trachomatis ompA gene was amplified by nested PCR, sequenced by SinoGenoMax, and genotyped using the NCBI Basic Local Alignment Search Tool. The homology analysis was conducted using DNAman (version 8.0) and MEGA (version 5.0).
Bacterial cultivation, sensitivity test, and virus detection
For the 35 clinically diagnosed cases, cell cultivation and sensitivity tests were conducted according to the Manual of Clinical Microbiology, 11th Edition (American Society for Microbiology, 2015 version) and the CLSI guidelines. An RT-PCR approach was used to detect adenovirus, herpes simplex virus, cytomegalovirus, and Epstein-Barr virus. PCR was used for adenovirus classification. According to related literature and the normal controls, S. pneumoniae, S. aureus, H. influenzae, and M. catarrhalis were considered opportunistic pathogens, and other bacteria were considered normal flora (Azari and Barney, 2013; Narayana and McGee, 2015) .
Cell cultivation
The Institute of Microbiology and Epidemiology, Academy of Military Medical Science (Beijing) conducted the C. trachomatis cultivation.
Statistical methods
Data analysis was conducted using SPSS Statistics for Windows, version 22.0 (IBM Corp., USA). Differences between groups were analyzed by a chi-square test, and the results were considered significant if P<0.05.
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